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FOREWORD 


This is a 12-month program being conducted for NASA-MSFC. The NASA-MSFC 
Program Monitor is Dale Blount. The major efforts of this program are 
being conducted by the Rocketdyne Engineering Aerothermal, and Materials 
Departments. Testing is being conducted at the Rockwell North American 
Aviation Operations (NaAO) Aerothermal Laboratory. The responsible 
Engineers in these areas are: 


Ron Morinishi 
Dennis Llm 
Frank Wimmer 
Bob Scherer 


Heat Transfer, Testing, Data Analysis 
Task I Thrust Chamber Thermal Analysis 
Materials & Processes 
Test (NAAO) 


The Project Engineer is Ron Cook, Advanced Programs, and the Program 
Manager is Frank Kirby. 
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INTRODUCTION 


This program is a 12-month experimental investigation to determine the coking 
thresholds and cooling capability (convective correlations) of methane. 
Economical exploitation of space in the future will require reusable, high- 
performance, liquid rocket booster engines. The high propellant bulk density 
and relatively high-performance LOX/hydrocarbon liquid engines look extremely 
attractive. LOX/methane is of particular interest because it has a higher 
chamber pressure cooling limit, higher specific Impulse, higher coolant 
coking temperature, cleaner exhaust products, and lover potential for 
carbon deposition at low mixture ratio prebumer operation than other hydro- 
carbon fuels. 

Future high chamber pressure LOX/hydrocarbon booster engines will require 
copper-base alloy main combustion chamber coolant channels similar to the 
SSME to provide adequate cooling and reusable engine life. Therefore, it 
is of vital Importance to evaluate the heat transfer characteristics and 
coking thresholds for LNG (94% methane) cooling, with a copper-base alloy 
material adjacent to the fuel coolant. 

High-pressure methane cooling and coking characteristics have recently been 
evaluated at Rocketdyne using stainless-steel heated tubes at methane bulk 
temperatures and coolant wall temperatures typical of advanced engine opera- 
tion except at lower heat fluxes as limited by the tube material. As expected, 
there was no coking observed. However, coking evaluations need be conducted 
with a copper-base surface exposed to the methane coolant at higher heat 
fluxes approaching those of future high chamber pressure engines. 

This program consists of five working tasks and a reporting task. 
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I jSIt X - T».t W.trl, Befteltlon con.I.ti of (I) deolgo ,f , eoOK 

ua/CB^ Molt! Combuetlon Choabor (HCC) <t 3000 polo choober prtoiuro ond (2) 
dofloltlon of the teet utrlx to cover the rengee of nthane coolant condltlone 
deacrlbed In the MCC deetgn analpale. The MCC deelgn vlU utlllaa a high 
atrength copper bate channel configuration coolant liner, typical of the gpace 
Shuttle Main Engine (SSME). The teat matrix mill provide for definition of 
coking thresholds and convective cooling heat tranafar corralatlona. 

I « SE Beslgn and Erocurenent of Test Sacrlon. consist of designing elacttlc- 
ally hasted tubular test apeclKna and procuring asaoclated teat apaclmen hard- 
wre. The test specimens ulll utlllaa a bimetallic tube aaaambly to allow 
testing at a heat flux of SO Stu/lo^-aac and 5000 pale CH« coolant preaaura, 
which la typical of a 3000 pals chamber pressure MCC throat region coolant 
wall heat flux. The Inner tube materUl will be copper to almulata any 
phenomena aasoclated with the MCC liner material and surface conditions. 

1^. 3. Preparstlon of Detail Teat Plan couslata of preparing a document that 
completely describe, the test Inatrumentatlon. data ac,ulaltlon. data correlation 
approsch, heated tube specimen configuration control, and teat procedures. The 
detailed test plan will Include test section drawings, tube specimen operational 
maps, facility achamatlca, and data analysis processing procedures. 

— ««ted Tube Teatlng will be conducted at the Eockwell Morth toerlcan 
Aviation Operation. (NAAO) thermodynamic, laboratory. Testing will be conducted 
to define the coking thresholds of methane at purities between BSE «.d 9ST 
lor UK and near 100* pure methane. Coolant convective hast tranafar charac- 
tarlatlca will be avaluatad at a purity between 9AE and lOM. 

2« g 5. Bata tealyal. and Correlation will ba parfotmad to define any 
tbraaholda and daflna convective cooling correlations for the eo^>lete range 


n»«i eniuB-19 »rv. ii 7f. 



of operating conditions applicable for a high chamber pressure MCC design. 
A number of convective heat transfer correlating fortnatr will be satlstlc- 
ally evaluated to obtain the best data-f It . 
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SUMMARY 

The program effort has been completed. 
The final report and briefing are being 
prepared for presentation at the end 
of November. 

A preliminary program overview briefing 
was completed for NASA-MSFC presentation 
to OAST. 
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HETHANE HEAT TRANSFER INVESTIGATION 



THERMAL DECOMPOSITION AND COPPER HALL INTERACTION NOT 
FULLY UNDERSTOOD 


METHANE HEAT TRANSFER INVESTIGATION 
PROGRAM OBJECTIVES 
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EXPERIHErTAL HARDWRE 
BinETALLIC TUBE AND BUS BAR DESIGN 
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AUTOHATIC SHUTDOWN FOR TUBE OVER TEMPERATURE 
NITROGEN PURGED CONTAINMENT BOX 






DATA ANALYSIS 
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TEST RESULTS 
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METHANE NUSSELT CORRELATION 

SMOOTH TUBES I , 





METHANE NUSSELT CORRELATION 
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FRICTION FACTOR EFFECT ON NUSSELT NO. 




